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Description 

LIQUID-JET HEAD, METHOD OF 
MANUFACTURING THE SAME AND 
LIQUID-JET APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[° 001 ] This is a Division of US application number 10/278,026, 

filed 2002-10-23, the disclosure of which is incorporated 

herein by reference, in its entirety, for all purposes 
BACKGROUND OF THE INVENTION 

[0002] Field of the Invention 

[0003] The present invention relates to a liquid-jet head which 
ejects jets of liquid, a manufacturing method thereof and 
a liquid-jet apparatus. More particularly, the present in- 
vention relates to an ink-jet recording head which ejects 
ink droplets by displacement of piezoelectric elements 
formed on surfaces of vibration plates partially constitut- 
ing pressure generating chambers communicating with 
nozzle orifices ejecting ink droplets, to a manufacturing 



method thereof and to an ink-jet recording apparatus. 
[° 004 ] Description of the Related Art 

[0005] | n an ink-jet recording head, in which pressure generating 
chambers that communicate with nozzle orifices ejecting 
ink droplets are partially constituted of vibration plates, 
these vibration plates are deformed by piezoelectric ele- 
ments to pressurize ink in the pressure generating cham- 
bers, and the ink droplets are ejected from the nozzle ori- 
fices, two types of recording heads are put into practical 
use. One is a recording head using piezoelectric actuators 
of a longitudinal vibration mode, which expand and con- 
tract in an axis direction of the piezoelectric elements, 
and the other is a recording head using piezoelectric ac- 
tuators of a flexural vibration mode. 

[0006] in the former type, a volume of each pressure generating 
chamber can be changed by abutting an end surface of 
the piezoelectric element against the vibration plate, and 
manufacturing of a head suitable to high density printing 
is enabled. However, this requires a difficult process of 
cutting and dividing the piezoelectric element in a comb 
tooth shape in accordance with an array pitch of the noz- 
zle orifices and work to position and fix the cut and di- 
vided piezoelectric elements to the pressure generating 



chambers. Thus, there is a problem of a complex manu- 
facturing process. 

[0007] on the other hand, in the latter type, the piezoelectric el- 
ements can be fabricated and installed on the vibration 
plate by a relatively simple process of adhering a green 
sheet as a piezoelectric material while fitting a shape 
thereof to that of the pressure generating chambers and 
sintering the green sheet. However, a certain area of the 
vibration plate is required due to use of the flexural vibra- 
tion, thus there is a problem that achieving a high density 
array of the piezoelectric elements is difficult. 

[0008] Meanwhile, in order to solve such a disadvantage of the 
latter recording head, a recording head is proposed, in 
which an even piezoelectric material layer is formed over 
the entire surface of a vibration plate by a deposition 
technology, the piezoelectric material layer is cut and di- 
vided into a shape corresponding to that of pressure gen- 
erating chambers by a lithography method, and piezo- 
electric elements are formed so as to be independent of 
each other for each pressure generating chamber (refer 
to, for example, Japanese Patent Laid-Open No. Hei 5 
(1993)-286131, Page 3, Fig. 3). 

[0009] The recording head described above has the following ad- 



vantage. The work of adhering the piezoelectric elements 
to the vibration plate is eliminated, and the piezoelectric 
elements can be fabricated and installed by the precise 
and simple method that is the lithography method. In ad- 
dition, a thickness of each piezoelectric actuator can be 
thinned to enable a high-speed drive. 

[0010] However, in the case of the ink-jet recording head having 
the piezoelectric elements constituted of the piezoelectric 
material by sputtering as described above, when the ink- 
jet recording head is driven by a voltage approximately 
the same as that of the one constituted by sintering the 
green sheet, the thinner the piezoelectric elements are, 
the higher the electric field to be applied thereto. Thus, 
when the recording head absorbs moisture in the atmo- 
sphere, there is a problem that a leak current between 
drive electrodes is likely to increase, eventually leading to 
dielectric breakdown. 

[0011] | n order to solve the problems as described above, a con- 
stitution is proposed, in which a reservoir-forming plate is 
adhered to a passage-forming substrate on which pres- 
sure generating chambers are formed, the reservoir-form- 
ing plate having a piezoelectric element holding portion 
for sealing piezoelectric elements (refer to, for example, 



Japanese Patent Laid-Open No. 2000-296616, Page 9, 

Figs. 1 and 2). 
SUMMARY OF THE INVENTION 

[0012] However, regarding the constitution in which the reser- 
voir-forming plate having the piezoelectric element hold- 
ing portion is adhered to the passage-forming substrate, 
there is a problem that moisture intrudes into the piezo- 
electric element holding portion through an adhesive ad- 
hering the reservoir-forming plate to the passage-form- 
ing substrate, thus leading to damage of the piezoelectric 
elements. 

[0013] Moreover, intrusion of moisture into the piezoelectric ele- 
ment holding portion can be suppressed by increasing an 
adhesion area between the reservoir-forming plate and 
the passage-forming substrate. However, there is a prob- 
lem that the size of the recording head is inevitably in- 
creased. 

[0014] N 0te t hat, naturally, a similar subject to the above-de- 
scribed one exists not only in a method of manufacturing 
the ink-jet recording head ejecting ink droplets but also 
in a method of manufacturing another liquid-jet head 
ejecting a liquid other than ink. 

[0015] | n consideration of circumstances as described above, the 



object of the present invention is to provide a liquid-jet 
head capable of preventing malfunction of the piezoelec- 
tric elements attributable to an external environment such 
as moisture and achieving miniaturization thereof, a man- 
ufacturing method thereof and a liquid-jet apparatus. 

[0016] a first aspect of the present invention that attains the 

foregoing object is a liquid-jet head including a passage- 
forming substrate in which a pressure generating chamber 
communicating with a nozzle orifice ejecting a liquid is 
defined and a piezoelectric element composed of a lower 
electrode, a piezoelectric layer and an upper electrode on 
one surface of the passage-forming substrate with a vi- 
bration plate interposed therebetween, the liquid-jet head 
comprising: a sealing plate joined to a piezoelectric ele- 
ment side of the passage-forming substrate and having a 
piezoelectric element holding portion, the sealing plate 
hermetically sealing a space secured in a region facing to- 
wards the piezoelectric element in such a way that it does 
not hinder a movement thereof, wherein at least a part of 
a peripheral portion of the piezoelectric element holding 
portion of the sealing plate is joined to the passage-form- 
ing substrate via a glass joining layer made of glass. 

[0017] | n the first aspect, moisture from the outside, such as that 



in the atmosphere, never intrudes into the piezoelectric 
element holding portion via the glass joining layer, thus 
preventing damage to the piezoelectric element at- 
tributable to the moisture. 
[0018] a second aspect of the present invention is the liquid-jet 
head according to the first aspect, characterized in that 
the sealing plate has a reservoir portion constituting at 
least a part of a common liquid chamber for each pressure 
generating chamber, and the glass joining layer is pro- 
vided at least on a side of the reservoir portion in a pe- 
ripheral portion of the piezoelectric element holding por- 
tion. 

[0019] | n the second aspect, moisture from the reservoir portion 
never intrudes into the piezoelectric element holding por- 
tion via the glass joining layer, thus preventing damage to 
the piezoelectric element attributable to the moisture. 

[0020] a third aspect of the present invention is the liquid-jet 

head according to any one of the first and second aspects, 
characterized in that the glass joining layer is provided 
over at least the peripheral portion of the piezoelectric el- 
ement holding portion on ajoining surface between the 
sealing plate and the passage-forming substrate. 

[0021] | n the third aspect, moisture from the outside, such as 



that in the atmosphere or in the reservoir portion, never 
intrudes into the piezoelectric element holding portion via 
the glass joining layer, thus preventing damage to the 
piezoelectric element attributable to the moisture. 

[0022] a fourth aspect of the present invention is the liquid-jet 
head according to any one of the first to third aspects, 
characterized in that the glass joining layer is formed over 
an entire surface of the joining surface between the seal- 
ing plate and the passage-forming substrate. 

[0023] | n the fourth aspect, the intrusion of the moisture into the 
piezoelectric element holding portion via the glass joining 
layer is more surely prevented, and the damage to the 
piezoelectric element attributable to the moisture is pre- 
vented. 

[0024] a fifth aspect of the present invention is the liquid-jet 
head according to any one of the first to fourth aspects, 
characterized in that the glass joining layer is formed over 
an inner surface of the piezoelectric element holding por- 
tion. 

[0025] | n the fifth aspect, the glass joining layer made of glass 
can be formed easily at relatively low costs. 

[0026] a sixth aspect of the present invention is the liquid-jet 
head according to any one of the first to fifth aspects, 



characterized in that the glass constituting the glass join- 
ing layer is formed by sputtering or vacuum evaporation. 

[0027] | n t he sixth aspect, by sputtering or vacuum evaporation, 
the glass joining layer made of glass can be formed easily 
at relatively low costs. Moreover, a thickness of the glass 
joining layer can be controlled relatively easily, thus im- 
proving yields and reducing the costs. 

[0028] a seventh aspect of the present invention is the liquid-jet 
head according to any one of the first to sixth aspects, 
characterized in that the glass, constituting the glass join- 
ing layer is formedby screen printing or coating. 

[0029] | n the seventh aspect, the glass joining layer can be 
formed relatively easily at a high precision. 

[0030] An eighth aspect of the present invention is the liquid-jet 
head according to any one of the first to seventh aspects, 
characterized in that a melting point of the glass consti- 
tuting the glass joining layer is in a range of 200 to 700 
°C. 

[0031] in the eighth aspect, the passage-forming substrate and 
the sealing plate can be joined together at a relatively low 
temperature, thus enabling both plates to be joined satis- 
factorily without damage to the piezoelectric element due 
to heat generated in the joining thereof. 



[0032] a ninth aspect of the present invention is the liquid-jet 
head according to any one of the first to eighth aspects, 
characterized in that a thickness of the glass joining layer 
is in a range of 0.5 to 10 mm. 

[0033] | n the ninth aspect, even if a drawn-out electrode to be 
drawn out from the piezoelectric element is formed, the 
passage-forming substrate and the sealing plate can be 
satisfactorily joined together. 

[0034] a tenth aspect of the present invention is the liquid-jet 
head according to any one of the first to ninth aspects, 
characterized in that the glass constituting the glass join- 
ing layer contains a gettering agent for trapping moisture. 

[0035] | n the tenth aspect, moisture remaining in the piezoelec- 
tric element holding portion is trapped by the gettering 
agent contained in the glass joining layer, thus leaving the 
inside of the piezoelectric element holding portion in a 
dry state. 

[0036] An eleventh aspect of the present invention is the liquid- 
jet head according to the tenth aspect, characterized in 
that the gettering agent contains phosphorous. 

[0037] in the eleventh aspect, since phosphorous is particularly 
excellent in a function of trapping moisture, the piezo- 
electric element holding portion is surely in the dry state. 



[0038] a twelfth aspect of the present invention is the liquid-jet 
head according to any one of the first to eleventh aspects, 
characterized in that the glass constituting the glass join- 
ing layer contains a filler. 

[0039] | n the twelfth aspect, by joining the passage-forming 

substrate and the sealing plate by use of the glass joining 
layer containing the filler, thermal expansion coefficient of 
the glass joining layer is made to be equal to that of the 
passage-forming substrate, and thus damage thereof due 
to thermal deformation can be prevented as well as the 
glass joining layer can be formed relatively thick. More- 
over, a joining strength therebetween can be improved by 
the glass joining layer. 

[0040] a thirteenth aspect of the present invention is the liquid- 
jet head according to the twelfth aspect, characterized in 
that the filler is made of at least one kind selected from a 
group including titania, zirconia and alumina. 

[0041] | n t he thirteenth aspect, by allowing the glass joining layer 
to contain a predetermined filler, thermal expansion coef- 
ficient of the glass joining layer is made to be equal to 
those of the passage-forming substrate relatively easily, 
and the joining strength therebetween can be improved. 

[0042] a fourteenth aspect of the present invention is the liquid- 



jet head according to any one of the first to thirteenth as- 
pects, characterized in that the passage-forming sub- 
strate and the sealing plate are made of a single crystal 
silicon substrate. 

[0043] | n the fourteenth aspect, the passage-forming substrate 
and the sealing plate can be satisfactorily joined together 
without occurrence of any cracks. 

[0044] a fifteenth aspect of the present invention is the liquid-jet 
head according to any one of the first to fourteenth as- 
pects, characterized in that crystals are subjected to pri- 
ority orientation in the piezoelectric layer. 

[0045] | n the fifteenth aspect, the piezoelectric layer is formed in 
a deposited process, and as a result, the crystals thereof 
are subjected to priority orientation. 

[0046] a sixteenth aspect of the present invention is the liquid- 
jet head according to the fifteenth aspect, characterized in 
that the piezoelectric layer has crystals in a columnar 
shape. 

[0047] in the sixteenth aspect, the piezoelectric layer is formed in 
a deposited process, and as a result, the crystals thereof 
are in the columnar shape. 

[0048] a seventeenth aspect of the present invention is the liq- 
uid-jet head according to any one of the first to sixteenth 



aspects, characterized in that the pressure generating 
chamber is formed by anisotropic etching, and respective 
layers of the piezoelectric element are formed by a de- 
posited deposited process and a lithography method. 

[0049] | n the seventeenth aspect, a liquid-jet recording head 
having nozzle orifices in high density can be manufac- 
tured in large quantity and relatively easily. 

[0050] An eighteenth aspect of the present invention is a liquid- 
jet apparatus characterized by comprising the liquid-jet 
head according to any one of the first to seventeenth as- 
pects. 

[0051] | n the eighteenth aspect, a liquid-jet apparatus can be re- 
alized, in which damage to the head is prevented, and 
durability and reliability are improved. 

[0052] a nineteenth aspect of the present invention is a method 
of manufacturing a liquid-jet head including: a passage- 
forming substrate in which a pressure generating chamber 
communicating with a nozzle orifice ejecting a liquid is 
defined; a piezoelectric element composed of a lower 
electrode, a piezoelectric layer and an upper electrode on 
one surface of the passage-forming substrate with a vi- 
bration plate interposed therebetween; and a sealing plate 
joined to a piezoelectric element side of the passage- 



forming substrate and having a piezoelectric element 
holding portion, the sealing plate hermetically sealing a 
space secured in a region facing toward the piezoelectric 
element in such a way that it does not hinder a movement 
thereof, the method comprising the steps of: providing a 
glass joining layer made of glass in at least a part of a pe- 
ripheral portion of the piezoelectric element holding por- 
tion on at least any one of joining surfaces of the sealing 
plate and the passage-forming substrate; joining the pas- 
sage-forming substrate and the sealing plate with the 
glass joining layer interposed therebetween, by heating 
the plates to a predetermined temperature in a state 
wherein the two plates abuts each other with the glass 
joining layer interposed therebetween. 
[0053] | n the nineteenth aspect, the passage-forming substrate 
and the sealing plate can be satisfactorily joined together 
by preventing intrusion of moisture into the piezoelectric 
element holding portion. Moreover, both plates can be 
satisfactorily joined together at a relatively small area, 
thus enabling miniaturization of the liquid-jet head to be 
achieved. 

[0054] a twentieth aspect of the present invention is the method 
of manufacturing a liquid-jet head according to the nine- 



teenth aspect, characterized in that, in the step of forming 
the glass joining layer, the glass joining layer is formed at 
a side of a reservoir portion constituting at least a part of 
a common liquid chamber of each pressure generating 
chamber provided on the sealing plate at least in the pe- 
ripheral portion of the piezoelectric element holding por- 
tion. 

[0055] | n the twentieth aspect, moisture from the reservoir por- 
tion never intrudes into the piezoelectric element holding 
portion via the glass joining layer, and damage to the 
piezoelectric element attributable to the moisture is pre- 
vented. 

[0056] a twenty-first aspect of the present invention is the 

method of manufacturing a liquid-jet head according to 
any one of the nineteenth and twentieth aspects, charac- 
terized in that, in the step of forming the glass joining 
layer, the glass joining layer is formed over at least the 
peripheral portion of the piezoelectric element holding 
portion. 

[0057] | n the twenty-first aspect, moisture from the outside, 
such as in the atmosphere and the reservoir portion, 
never intrudes into the piezoelectric element holding por- 
tion via the glass joining layer, and the damage to the 



piezoelectric element attributable to the moisture is pre- 
vented. 

[0058] a twenty-second aspect of the present invention is the 
method of manufacturing a liquid-jet head according to 
any one of the nineteenth to twenty-first aspects, charac- 
terized in that, in the step of forming the glass joining 
layer, the glass joining layer is formed over an entire sur- 
face of the joining surface. 

[0059] | n the twenty-second aspect, the intrusion of the moisture 
into the piezoelectric element holding portion via the 
glass joining layer is more surely prevented, and the dam- 
age to the piezoelectric element attributable to the mois- 
ture is prevented. 

[0060] a twenty-third aspect of the present invention is the 

method of manufacturing a liquid-jet head according to 
any one of the nineteenth to twenty-second aspects, 
characterized in that, in the step of forming the glass 
joining layer, the glass joining layer is provided over the 
joining surface of the sealing plate and an inner surface of 
the piezoelectric element holding portion. 

[0061] | n the twenty-third aspect, the glass joining layer made of 
glass can be formed easily at relatively low costs. 

[0062] a twenty-fourth aspect of the present invention is the 



method of manufacturing a liquid-jet head according to 
any one of the nineteenth to twenty-third aspects, char- 
acterized by further including, after the step of forming 
the glass joining layer, a step of doping the glass joining 
layer with a gettering agent for trapping moisture. 
[0063] | n the twenty-fourth aspect, the glass joining layer con- 
taining the gettering agent can be formed relatively easily 
by doping. 

[0064] a twenty-fifth aspect of the present invention is the 

method of manufacturing a liquid-jet head according to 
any one of the nineteenth to twenty-third aspects, char- 
acterized in that, in the step of forming the glass joining 
layer, a glass joining layer added with a gettering agent 
for trapping moisture is formed. 

[0065] | n the twenty-fifth aspect, the glass joining layer contain- 
ing the gettering agent can be formed relatively easily. 

[0066] a twenty-sixth aspect of the present invention is the 

method of manufacturing a liquid-jet head according to 
any one of the twenty-fourth and twenty-fifth aspects, 
characterized in that the gettering agent contains phos- 
phorous. 

[0067] in the twenty-sixth aspect, phosphorous is optimal as the 
gettering agent since phosphorous is particularly excel- 



lent in a function of trapping moisture. 

[0068] a twenty- seventh aspect of the present invention is the 
method of manufacturing a liquid-jet head according to 
any one of the nineteenth to twenty-sixth aspects, char- 
acterized in that a melting point of the glass constituting 
the glass joining layer is in a range of 200 to 700 °C. 

[0069] | n the twenty- seventh aspect, the passage-forming sub- 
strate and the sealing plate can be joined together at a 
relatively low temperature, thus enabling both plates to be 
joined satisfactorily without occurrence of any cracks in 
the passage-forming substrate and the like. 

[0070] a twenty-eighth aspect of the present invention is the 
method of manufacturing a liquid-jet head according to 
any one of the nineteenth to twenty-seventh aspects, 
characterized in that, in the step of providing the glass 
joining layer, the glass is formed by sputtering or vacuum 
evaporation. 

[0071] | n t he twenty-eighth aspect, by sputtering or vacuum 

evaporation, the glass joining layer made of glass can be 
formed easily at relatively low costs. Moreover, a thickness 
of the glass joining layer can be controlled relatively eas- 
ily, thus improving yields and reducing costs. 

[0072] a twenty-ninth aspect of the present invention is the 



method of manufacturing a liquid-jet head according to 
any one of the nineteenth to twenty-seventh aspects, 
characterized in that, in the step of providing the glass 
joining layer, the glass is formed by screen printing or 
coating. 

[0073] | n the twenty-ninth aspect, the glass joining layer can be 
formed relatively easily with a high precision. 

[0074] a thirtieth aspect of the present invention is the method 
of manufacturing a liquid-jet head according to any one 
of the nineteenth to twenty-ninth aspects, characterized 
in that the step of providing the glass joining layer in- 
cludes a step of subjecting the glass to preliminary bak- 
ing. 

[0075] | n the thirtieth aspect, the passage-forming substrate and 
the sealing plate can be satisfactorily joined together with 
a high precision. 

[0076] a thirty-first aspect of the present invention is the 

method of manufacturing a liquid-jet head according to 
any one of the nineteenth to thirtieth aspects, character- 
ized in that, in the step of forming the glass joining layer, 
a glass joining layer containing a filler is formed. 

[0077] in the thirty-first aspect, by joining the passage-forming 
substrate and the sealing plate by use of the glass joining 



layer containing the filler, thermal expansion coefficient of 
the glass joining layer is made to be equal to that of the 
passage-forming substrate, and thus damage thereof due 
to thermal deformation can be prevented as well as the 
glass joining layer can be formed relatively thick. More- 
over, a joining strength therebetween can be improved by 
the glass joining layer. 

[0078] a thirty-second aspect of the present invention is the 

method of manufacturing a liquid-jet head according to 
the thirty-first aspect, characterized in that the filler is 
made of at least one selected from a group including tita- 
nia, zirconia and alumina. 

[0079] | n the thirty-second aspect, by allowing the glass joining 
layer to contain the filler, thermal expansion coefficient of 
the glass joining layer is made to be equal to that of the 
passage-forming substrate relatively easily, and a joining 
strength therebetween can be improved. 

[0080] a thirty-third aspect of the present invention is the 

method of manufacturing a liquid-jet head according to 
any one of the nineteenth to thirty-second aspects, char- 
acterized in that, after the step of joining the sealing plate 
and the passage-forming substrate, the piezoelectric ele- 
ment holding portion is hermetically sealed by sealing a 



sealing hole communicating the piezoelectric element 
holding portion of the sealing plate with the outside. 
[0081] | n the thirty-third aspect, the piezoelectric element hold- 
ing portion can be hermetically sealed easily and surely by 

the sealing hole. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0082] FIG. 1 is a perspective view schematically showing an ink- 
jet recording head according to Embodiment 1 of the 
present invention. 

[0083] FIGS. 2A and 2B are a plan view and a cross-sectional view 
showing the ink-jet recording head according to Embodi- 
ment 1 of the present invention, respectively. 

[0084] FIGS. 3A to 3D are cross-sectional views showing steps of 
manufacturing the ink-jet recording head according to 
Embodiment 1 of the present invention. 

[0085] FIGS. 4A to 4C are cross-sectional views showing the 
steps of manufacturing the ink-jet recording head ac- 
cording to Embodiment 1 of the present invention. 

[0086] FIGS. 5A and 5B are cross-sectional views showing the 
steps of manufacturing the ink-jet recording head ac- 
cording to Embodiment 1 of the present invention. 

[0087] FIGS. 6A and 6B are cross-sectional views showing the 
steps of manufacturing the ink-jet recording head ac- 



cording to Embodiment 1 of the present invention. 

[0088] FIGS. 7 A and 7B are a plan view and a cross-sectional view 
showing an ink-jet recording head according to Embodi- 
ment 2 of the present invention. 

[0089] FIGS. 8A and 8B are cross-sectional views showing steps 
of manufacturing the ink-jet recording head according to 
Embodiment 2 of the present invention. 

[0090] FIGS. 9A to 9C are cross-sectional views showing the 
steps of manufacturing the ink-jet recording head ac- 
cording to Embodiment 3 of the present invention. 

[0091] FIGS. 10A and 10B are cross-sectional views showing 

steps of manufacturing an ink-jet recording head accord- 
ing to Embodiment 4 of the present invention. 

[0092] FIGS. 11A and 11B are cross-sectional views showing 

steps of manufacturing an ink-jet recording head accord- 
ing to Embodiment 5 of the present invention. 

[0093] FIGS. 12A and 12B are a plan view and a cross-sectional 

view showing the ink-jet recording head according to Em- 
bodiment 6 of the present invention. 

[0094] FIG. 13 is a schematic view of an ink-jet recording appa- 
ratus according to an embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0095] The present invention will be described below in detail 

based on an embodiment. 
[0096] (Embodiment 1) 

[0097] FIG. 1 is a perspective view showing an ink-jet recording 
head according to Embodiment 1 of the present invention. 
FIG. 2A is a plan view of FIG. 1 and FIG. 2B is a view show- 
ing a cross section along the line A-A' in FIG. 2A. 

[0098] As illustrated, a passage-forming substrate 10 is com- 
posed of a single crystal silicon substrate of a plane ori- 
entation (110) in this embodiment. As the passage-form- 
ing substrate 10, usually, one having a thickness of about 
150 to 300 mm is used, and one desirably having a thick- 
ness of about 180 to 280 mm and more desirably having 
a thickness of about 220 mm is suitable. This is because 
an array density of the pressure generating chambers can 
be enhanced while keeping a rigidity of compartment 
walls between adjacent pressure generating chambers. 

[0099] one surface of the passage-forming substrate 10 be- 
comes an opening surface, and on the other surface, an 
elastic film 50 is formed, which is made of silicon dioxide 
formed by thermal oxidation in advance and has a thick- 
ness of 1 to 2 mm. 

[0100] Meanwhile, on the opening surface of the passage-form- 



ing substrate 10, pressure generating chambers 12 parti- 
tioned by a plurality of compartment walls 11 are pro- 
vided in parallel in the width direction by carrying out 
anisotropic etching to the single crystal silicon substrate. 
On the outside in a longitudinal direction of the pressure 
generating chambers 12, there are formed communicating 
portions 13, each communicating with a reservoir portion 
31 of a sealing plate 30 to be described later and consti- 
tuting a part of a reservoir 100 which will be a common 
liquid chamber to the respective pressure generating 
chambers 12. Each communicating portion 13 is made to 
communicate via ink supply paths 14 with one ends in the 
longitudinal direction of the respective pressure generat- 
ing chambers 12. 
[0101] Here, the anisotropic etching is carried out by utilizing a 
difference in etching rates of the single crystal silicon 
substrate. For example, in this embodiment, the 
anisotropic etching is carried out by utilizing the following 
property of the single crystal silicon substrate. Specifi- 
cally, when the single crystal silicon substrate is immersed 
in an alkali solution such as KOH, it is gradually eroded, 
there emerge a first (111) plane perpendicular to the (110) 
plane and a second (111) plane forming an angle of about 



70 degrees to the first (111) plane and an angle of about 
35 degrees to the above-described (110) plane. As com- 
pared with an etching rate of the (110) plane, an etching 
rate of the (111) plane is about 1/180. With such 
anisotropic etching, it is possible to perform high- 
precision processing based on depth processing in a par- 
allelogram shape formed of two of the first (111) planes 
and two of the second (111) planes slant thereto, and thus 
the pressure generating chambers 12 can be arranged in a 
high density. 

[0102] | n t his embodiment, long sides of the respective pressure 
generating chambers 12 are formed of the first (111) 
planes, and short sides thereof are formed of the second 
(111) planes. These pressure generating chambers 12 are 
formed by etching the passage-forming substrate 10 until 
the etching almost penetrates through the passage-form- 
ing substrate 10 to reach the elastic film 50. Here, the 
elastic film 50 is eroded extremely little by the alkali solu- 
tion used for etching the single crystal silicon substrate. 
Moreover, the respective ink supply paths 14 communi- 
cating with the one ends of the pressure generating 
chambers 12 are formed to be shallower than the pres- 
sure generating chambers 12, and thus passage resis- 



tance of ink flowing into the pressure generating cham- 
bers 12 is maintained constant. Specifically, the ink supply 
paths 14 are formed by etching the single crystal silicon 
substrate partway in the thickness direction 
(half-etching). Note that the half-etching is carried out by 
adjusting an etching time. 
[0103] on the opening surface side of the passage-forming sub- 
strate 10, a nozzle plate 20 having nozzle orifices 21 
drilled therein is fixedly adhered via an adhesive or a 
thermowelding film, each nozzle orifice 21 communicat- 
ing with the pressure generating chamber 12 at a point 
opposite to the ink supply paths 14. Note that the nozzle 
plate 20 is made of glassceramics, stainless steel or the 
like, which has a thickness of, for example, 0.1 to 1 mm 
and a linear expansion coefficient of, for example, 2.5 to 
4.5 [xlO~ 6 /°C] at a temperature of 300°C or lower. With 
one surface, the nozzle plate 20 wholly covers one surface 
of the passage-forming substrate 10 and also plays a role 
of a reinforcement plate for protecting the single crystal 
silicon substrate from an impact or an external force. 
Moreover, the nozzle plate 20 may be formed of a mate- 
rial having a thermal expansion coefficient approximately 
equal to that of the passage-forming substrate 10. In this 



case, since deformations of the passage-forming sub- 
strate 10 and the nozzle plate 20 due to heat become ap- 
proximately the same, the passage-forming substrate 10 
and the nozzle plate 20 can be joined easily to each other 
by use of a thermosetting adhesive and the like. 
[0104] Here, a size of the pressure generating chambers 12 ap- 
plying an ink droplet ejection pressure to ink and a size of 
the nozzle orifices 21 ejecting ink droplets are optimized 
in accordance with an amount of ejected ink droplets, an 
ejection speed thereof and an ejection frequency thereof. 
For example, in a case where 360 ink droplets per inch 
are recorded, it is necessary to form the nozzle orifices 21 
in a diameter of several ten micrometers with good preci- 
sion. 

[0105] Meanwhile, on the elastic film 50 opposite with the open- 
ing surface of the passage-forming substrate 10, a lower 
electrode film 60 having a thickness of, for example, 
about 0.2 mm, a piezoelectric layer 70 having a thickness 
of, for example, about 1 mm, and an upper electrode film 
80 having a thickness of, for example, about 0.1 mm are 
formed in a stacked state in a process to be described 
later, thus constituting a piezoelectric element 300. Here, 
the piezoelectric element 300 means a portion including 



the lower electrode film 60, the piezoelectric layer 70 and 
the upper electrode film 80. In general, the piezoelectric 
element 300 is constituted such that any one of elec- 
trodes thereof is made to be a common electrode, and 
that the other electrode and the piezoelectric layer 70 are 
patterned for each pressure generating chamber 12. Here, 
a portion, which is constituted of the patterned one of 
electrodes and the patterned piezoelectric layer 70, and 
where a piezoelectric distortion is generated by applica- 
tion of a voltage to both of the electrodes, is referred to 
as a piezoelectric active portion. In this embodiment, the 
lower electrode film 60 is made to be a common electrode 
of the piezoelectric element 300, and the upper electrode 
film 80 is made to be an individual electrode of the piezo- 
electric element 300. However, no impediment occurs 
even if the above-described order is reversed for the con- 
venience of a drive circuit or a wiring. In any case, a 
piezoelectric active portion will be formed for each pres- 
sure generating chamber. In addition, here, a combination 
of the piezoelectric element 300 and a vibration plate in 
which displacement occurs due to the drive of the piezo- 
electric element 300 is referred to as a piezoelectric actu- 
ator. 



[0106] Moreover, a lead electrode 90 made of, for example, gold 
(Au) and the like is extended from the vicinity of the one 
end portion in the longitudinal direction of the upper 
electrode film 80 of each piezoelectric element 300 to the 
vicinity of the end portion of the passage-forming sub- 
strate 10. Then, to the vicinity of the end portion of this 
lead electrode 90, drive wiring 130 for driving the piezo- 
electric element 300 is electrically connected. 

[0107] on the side of the passage-forming substrate 10 where 
the piezoelectric elements 300 are formed, the sealing 
plate 30 having the reservoir portion 31 is joined, the 
reservoir portion 31 constituting at least a part of the 
reservoir 100 as a common liquid chamber. In this em- 
bodiment, the reservoir portion 31 is formed along the 
width direction of the pressure generating chambers 12 
by penetrating the sealing plate 30 in its thickness direc- 
tion. Thus, as described above, the reservoir portion 31 
constitutes the reservoir 100 to be a common ink cham- 
ber for the pressure generating chambers 12 by commu- 
nicating with the communicating portions 13 of the pas- 
sage-forming substrate 10. 

[0108] Moreover, in a region of the sealing plate 30 facing the 
piezoelectric elements 300, the piezoelectric element 



holding portion 32 is provided, which is capable of her- 
metically sealing a space secured in such a way that it 
does not hinder a movement of the piezoelectric elements 
300. The piezoelectric elements 300 are hermetically 
sealed in this piezoelectric element holding portion 32. 

[0109] Furthermore, a sealing hole 33 for communicating the 

piezoelectric element holding portion 32 with the outside 
is provided in the sealing plate 30, which is sealed by a 
sealing member 34 such as, for example, an adhesive. 

[0110] N 0 te that, for the sealing plate 30, it is preferable to use a 
material having approximately the same thermal expan- 
sion coefficient as that of the passage-forming substrate 
10. In this embodiment, the sealing plate 30 is formed of 
a single crystal silicon substrate, which is the same mate- 
rial as the passage-forming substrate 10. 
Across an entire surface of a joining surface 35 of the 
sealing plate 30 with the passage-forming substrate 10, a 
glass joining layer 110 made of glass is formed, by which 
the sealing plate 30 and the passage-forming substrate 
10 are joined. Herein, as the glass for forming the glass 
joining layer 110, used is the one having a melting point 
of, for example, about 200 to 700 °C, which is lower than 
a calcination temperature of a piezoelectric layer 70 con- 



stituting the piezoelectric elements 300. In this embodi- 
ment, the passage-forming substrate 10 and the sealing 
plate 30 are fused together by heating and melting the 
above-described glass joining layer 110 made of glass. 
[0112] N 0 t e that there is no limitation on a thickness of the 

above-described glass joining layer 110. Since the lead 
electrode 90 is extended from the vicinity of the one end 
portion in the longitudinal direction of the upper electrode 
film 80 of the piezoelectric element 300 to the outside of 
the piezoelectric element holding portion 32, it is prefer- 
able that the thickness of the glass joining layer 110 is in 
the range of, for example, about 0.5 to 10 mm, which is 
equal to or somewhat greater than a thickness of the lead 
electrode 90. 

[0113] By joining the passage-forming substrate 10 and the 
sealing plate 30 with the glass joining layer 110 inter- 
posed therebetween as described above, the intrusion of 
moisture into the piezoelectric element holding portion 32 
is prevented without damage to the piezoelectric elements 
300 due to heat, thus enabling satisfactory joining of the 
passage-forming substrate 10 and the sealing plate 30. 
Specifically, because no moisture in the atmosphere per- 
meates the glass joining layer 110 made of glass, inside 



of the piezoelectric element holding portion 32 can be 
maintained in a dry state all the time. Consequently, the 
piezoelectric elements 300 in the piezoelectric element 
holding portion 32 are never damaged by the moisture in 
the atmosphere. Moreover, the damage to the piezoelec- 
tric elements 300 due to the moisture in the atmosphere 
can be more surely prevented by sealing a dry fluid and 
the like in the piezoelectric element holding portion 32 
beforehand. 

[0114] Furthermore, by fusing the sealing plate 30 and the pas- 
sage-forming substrate 10 with the glass joining layer 
110 made of glass interposed therebetween, both plates 
can be securely joined even though a joining area is rela- 
tively small. Thus, miniaturization of the ink-jet recording 
head can be achieved. 

[0115] on such a sealing plate 30, a compliance plate 40 formed 
of a sealing film 41 and a fixing plate 42 is joined. Herein, 
the sealing film 41 is made of a material having flexibility 
with low rigidity (for example, a polyphenylene sulphide 
(PPS) film having a thickness of 6mm), and one side sur- 
face of the reservoir portion 31 is sealed by this sealing 
film 41. Moreover, the fixing plate 42 is formed of a hard 
material such as metal (for example, stainless steel (SUS) 



having a thickness of 30mm and the like). A region of this 
fixing plate 42, which faces the reservoir 100, is an open- 
ing portion 43 where the fixing plate is completely re- 
moved in its thickness direction. Thus, one side surface of 
the reservoir 100 is sealed only with the sealing film 41 
having flexibility and can be deformed by a change in an 
internal pressure. 

[0116] on the compliance plate 40 outside the center region of 
the reservoir 100 in the longitudinal direction, an ink in- 
troducing port 36 for supplying ink to the reservoir 100 is 
formed. Furthermore, in the sealing plate 30, an ink intro- 
ducing passage 37 is provided for communicating the ink 
introducing port 36 with a side wall of the reservoir 100. 

[0117] on a region of the sealing plate 30, which corresponds to 
the piezoelectric elements 300, a drive circuit 120 such as 
a semiconductor integrated circuit (IC) including, for ex- 
ample, a circuit board or a drive circuit for driving the 
piezoelectric elements 300 is mounted. The drive circuit 
120 is electrically connected to the respective lead elec- 
trodes 90 by drive wirings 130 made of bonding wires and 
the like, which are provided in a region between the 
piezoelectric element holding portion 32 of the sealing 
plate 30 and the reservoir portion 31 and are extended via 



a through hole 38 (refer to FIG. 2B). 

[0118] The ink-jet recording head of this embodiment as de- 
scribed above takes in ink from the ink introducing port 
36 connected to unillustrated external ink supplying 
means, and fills the ink in the inside thereof from the 
reservoir 100 to the nozzle orifices 21. Then, in accor- 
dance with a recording signal from the drive circuit 120, 
the ink-jet recording head applies a voltage between the 
lower electrode film 60 and the upper electrode film 80, 
which correspond to each pressure generating chamber 
12, and the elastic film 50, the lower electrode film 60 
and the piezoelectric layer 70 are subjected to flexural 
deformation. Thus, the pressure in each pressure gener- 
ating chamber 12 is increased, and ink droplets are 
ejected from each nozzle orifice 21. 

[0119] Referring to FIGS. 3 to 6, description will be made for an 
example of a method of manufacturing the ink-jet 
recording head of this embodiment described above. It 
should be noted that the manufacturing method thereof is 
not limited to the following example. FIGS. 3 to 6 are 
cross-sectional views illustrating a part of the pressure 
generating chamber 12 in the longitudinal direction. 

[0120] First, as shown in FIG. 3A, a wafer of a single crystal sili- 



cone substrate to be the passage-forming substrate 10 is 
thermally oxidized in a diffusion furnace of about 1100 
°C, thereby forming the elastic film 50 made of silicone 
dioxide. 

[0121] Next, as shown in FIG. 3B, after the lower electrode film 

60 is formed on the entire surface of the elastic film 50 by 
sputtering, an overall pattern is formed by pattering the 
lower electrode film 60. For the material of this lower 
electrode film 60, platinum (Pt) and the like is preferred. 
This is because the piezoelectric layer 70 to be described 
later, which is deposited by a sputtering method or a sol- 
gel method, needs to be crystallized by baking at about 
600 to 1000 °C under the atmospheric atmosphere or the 
oxygen atmosphere after deposition. Specifically, the ma- 
terial of the lower electrode film 60 has to be able to 
maintain conductivity at such a high temperature and un- 
der such an oxidation atmosphere. Particularly, when lead 
zirconate titanate (PZT) is used as the piezoelectric layer 
70, it is preferable that a change in conductivity due to 
diffusion of lead oxide is small. In view of the above rea- 
sons, platinum is preferred for the material of the lower 
electrode film 60. 

[0122] Then, as shown in FIG. 3C, the piezoelectric layer 70 is 



deposited on the resultant structure. In the piezoelectric 
layer 70, crystals are preferably oriented. In this embodi- 
ment, for example, by use of a so-called sol-gel method, 
the piezoelectric layer 70 was formed, in which the crys- 
tals are oriented. Specifically, in the sol-gel method, a 
metal-organic matter dissolved/dispersed in a catalyst, 
that is so-called a sol, is applied and dried to be a gel, 
and the gel is further baked at a high temperature, thus 
obtaining the piezoelectric layer 70 made of a metal ox- 
ide. For the material of the piezoelectric layer 70, one 
from lead-zirconate-titanate series is preferred for the 
use of manufacturing the ink-jet recording head. Note 
that there is particularly no limitation on a method of de- 
positing the above-described piezoelectric layer 70, and a 
sputtering method, for example, may be used for the for- 
mation thereof. 

[0123] Furthermore, a method may be used, in which a precursor 
film of lead zirconate titanate is formed by the sol-gel 
method, the sputtering method or the like, and thereafter, 
the precursor film is subjected to crystal growth in an al- 
kaline solution at a low temperature by high-pressure 
processing. 

[° 124 ] In any case, the piezoelectric layer 70 thus deposited has 



priority orientation of crystals, unlike bulk piezoelectric 
elements. Moreover, in this embodiment, the piezoelectric 
layer 70 has its crystals formed in a columnar shape. Note 
that priority orientation means a state where orientation 
directions of crystals are not in disorder, but particular 
crystalline planes are directed in an approximately con- 
stant direction. Moreover, a deposition with columnar- 
shaped crystals means a state of deposited formation 
where roughly cylindrical crystals are aggregated along a 
plane direction of the deposited in a state of approxi- 
mately coinciding central axes of the crystals in a thick- 
ness direction thereof. Needless to say, the piezoelectric 
layer may be a deposited formed of priority-oriented 
granular crystals. It should be noted that the piezoelectric 
layer thus fabricated in a deposited process has a thick- 
ness, in general, of 0.2 to 5 mm. 
[0125] Next, as shown in FIG. 3D, the upper electrode film 80 is 
deposited on the piezoelectric layer 70. It is satisfactory 
that the upper electrode film 80 is made of a material 
having high conductivity. Many kinds of metal including 
aluminum, gold, nickel, platinum and the like and a con- 
ductive oxide can be used to form the upper electrode 
film 80. In this embodiment, platinum is deposited by 



sputtering. 

[0126] Subsequently, as shown in FIG. 4A, only the piezoelectric 
layer 70 and the upper electrode film 80 are etched to 
perform patterning of the piezoelectric element 300. 

[0127] Thereafter, as shown in FIG. 4B, the lead electrode 90 is 
formed on the resultant structure. Specifically, the lead 
electrode 90 made of, for example, gold (Au) and the like 
is formed all over the entire surface of the passage-form- 
ing substrate 10, and at the same time, patterning thereof 
is performed for each piezoelectric element 300. 

[0128] The above-described steps are the film formation pro- 
cess. After performing the film formation as described 
above, the foregoing anisotropic etching is carried out to 
the single crystal silicone substrate with the alkaline solu- 
tion. Then, as shown in FIG. 4C, the pressure generating 
chamber 12, the communicating portion 13 and the ink 
supply path 14 are formed. 

[0129] Next, as shown in FIG. 5A, on the joining surface 35 of the 
sealing plate 30 with the passage-forming substrate 10, 
formed is the glass joining layer 110 made of glass having 
a melting point lower than the calcination temperature of 
the piezoelectric layer 70 constituting the piezoelectric el- 
ements 300. Specifically, a glass material in paste form, 



which will be the glass joining layer 110, for example, is 
first applied onto the joining surface 35 of the sealing 
plate 30 by transcription, screen printing, a dispenser or 
the like, thus forming a glass layer thereon. Then, the 
glass layer is subjected to preliminary baking by being 
heated up to a temperature of about 200 to 400 °C. 
Thereafter, a surface thereof is flattened, and the glass 
layer is subjected to degasification to become the glass 
joining layer 110. 

[0130] Then, as shown in FIG. 5B, the sealing plate 30 and the 
passage-forming substrate 10 are joined together with 
the glass joining layer 110. Specifically, in a state wherein 
the two plates abut each other with the glass joining layer 
110 interposed therebetween, both plates are heated to a 
temperature of, for example, about 200 to 700 °C, which 
is equal to or lower than the crystallization temperature of 
the piezoelectric layer 70. Thus, the sealing plate 30 and 
the passage-forming substrate 10 are fused together by 
the glass joining layer 110. 

[0131] As described above, by joining the passage-forming sub- 
strate 10 and the sealing plate 30 with the glass joining 
layer 110 made of glass having a melting point lower than 
the calcination temperature of the piezoelectric layer 70 



constituting the piezoelectric elements 300, both plates 
are joined together at a temperature lower than the calci- 
nation temperature of the piezoelectric layer 70. There- 
fore, the damage to the piezoelectric elements 300 due to 
heat can be prevented, and the passage-forming sub- 
strate 10 and the sealing plate 30 can be satisfactorily 
joined together. Moreover, because of improvement in 
joining strength, both plates can be satisfactorily joined 
together even though a joining area is relatively small. 
Thus, miniaturization of the ink-jet recording head can be 
achieved. 

[0132] Next, as shown in FIG. 6A, the piezoelectric element hold- 
ing portion 32 is hermetically sealed by sealing the seal- 
ing hole 33 which communicates the piezoelectric element 
holding portion 32 of the sealing plate 30 with the out- 
side. In this embodiment, the sealing hole 33 is sealed by 
the sealing member 34 composed of, for example, an ad- 
hesive. 

[0133] Thereafter, as shown in FIG. 6B, on the plane of the pas- 
sage-forming substrate 10, which is opposite to the seal- 
ing plate 30, the nozzle plate 20 having nozzle orifices 21 
drilled therein is joined. At the same time, the compliance 
plate 40 is joined on the sealing plate 30. Thus, the ink- 



jet recording head of this embodiment is manufactured. 

[0134] N 0te t hat, in practice, a number of chips are simultane- 
ously fabricated on one piece of wafer by a series of the 
above-described film formation and anisotropic etching. 
Then, after the completion of the processing, the wafer is 
divided into passage-forming substrates 10 of one chip 
size as shown on FIG. 1. Thereafter, the sealing plate 30 
and the compliance plate 40 are sequentially adhered 
onto the divided passage-forming substrate 10 to be uni- 
fied, thus obtaining the ink-jet recording head. 

[0135] (Embodiment 2) 

[0136] FIG. 7A is a plan view showing an ink-jet recording head 
according to Embodiment 2, and FIG. 7B is a view showing 
a cross-section taken along the line B-B' in FIG. 7A. 

[0137] a s shown in the drawings, in this embodiment, a glass 

joining layer 110A made of glass is formed over the join- 
ing surface 35 of the sealing plate 30 with the passage- 
forming substrate 10 and an inner surface 32a of the 
piezoelectric element holding portion 32, and the sealing 
plate 30 and the passage-forming substrate 10 are joined 
by this glass joining layer 110A. Except for the above- 
described points, this embodiment is similar to the fore- 
going Embodiment 1. 



[0138] For the glass used for the glass joining layer 110A of this 
embodiment, similarly to the above-described Embodi- 
ment 1, glass having a melting point of, for example, 200 
to 700 °C, which is lower than the calcination temperature 
of the piezoelectric layer 70, is also used. 

[0139] As described above, by joining the passage-forming sub- 
strate 10 and the sealing plate 30 together with the glass 
joining layer 110A made of glass interposed therebe- 
tween, the damage to the piezoelectric elements 300 due 
to heat is prevented. Thus, both plates can be satisfacto- 
rily joined together by the glass joining layer 110A. 

[0140] Moreover, by joining the passage-forming substrate 10 
and the sealing plate 30 together with the glass joining 
layer 110A interposed therebetween, the intrusion of 
moisture into the piezoelectric element holding portion 32 
can be surely prevented. Specifically, since the sealing 
plate 30 and the passage-forming substrate 10 are joined 
together by the glass joining layer 110A, the piezoelectric 
element holding portion 32 is completely and hermetically 
sealed. Thus, the moisture in the atmosphere and the ink 
in the reservoir 100 never permeate therethrough, en- 
abling the inside of the piezoelectric element holding por- 
tion 32 to be maintained in a dry state all the time. There- 



fore, the damage to the piezoelectric elements 300 inside 
the piezoelectric element holding portion 32 due to the 
moisture never occurs. 

[0141] Herein, an example of a method of manufacturing the 
ink-jet recording head of this embodiment will be de- 
scribed by referring to FIGS. 8A and 8B. Note that, as to 
the manufacturing steps similar to those of the foregoing 
Embodiment 1, repetitive description thereof will be omit- 
ted by referring to the same drawings. 

[0142] FIGS. 8A and 8B are cross-sectional views showing steps 
of manufacturing the ink-jet recording head according to 
Embodiment 2. 

[0143] First, by performing the steps shown in FIGS. 3A to 3D 
and FIGS. 4A to 4C of the foregoing Embodiment 1, as 
well as the piezoelectric element 300 and the lead elec- 
trode 90, the pressure generating chamber 12, the com- 
municating portion 13 and the ink supply path 14 are 
formed on the passage-forming substrate 10. Then, as 
shown in FIG. 8A, over the entire surface of the sealing 
plate 30 on the piezoelectric element holding portion 32 
side, that is, over the joining surface 35 thereof with the 
passage-forming substrate 10 and the inner surface 32a 
of the piezoelectric element holding portion 32, the glass 



joining layer 110A made of glass is formed. Specifically, a 
glass film is first formed on a plane of the sealing plate 30 
on the piezoelectric element holding portion 32 side, by 
sputtering or vacuum evaporation. Subsequently, the 
glass film is subjected to preliminary baking by being 
heated up to a temperature of about 200 to 400 °C, and a 
surface thereof is flattened. Thereafter, the glass film is 
subjected to degasification, and thus the glass joining 
layer 110A is ultimately formed. 

[0144] As shown in FIG. 8B, the sealing plate 30 and the pas- 
sage-forming substrate 10 are then joined together by 
the glass joining layer 110A. Specifically, in a state 
wherein the two plates abut each other with the glass 
joining layer 110A interposed therebetween, both plates 
are heated to a temperature of, for example, about 200 to 
700 °C, which is equal to or lower than the crystallization 
temperature of the piezoelectric layer 70. Thus, the seal- 
ing plate 30 and the passage-forming substrate 10 are 
fused together by the glass joining layer 110A. 

[0145] | n the above-described manner, by forming the glass 

joining layer 110A on the sealing plate 30 by sputtering or 
vacuum evaporation, the glass joining layer 110A is 
formed all over the joining surface 35 of the sealing plate 



30 with the passage-forming substrate 10 as well as the 
inner surface 32a of the piezoelectric element holding 
portion 32. 

[0146] After the passage-forming substrate 10 and the sealing 
plate 30 are joined together, similarly to the foregoing 
Embodiment 1, the sealing hole 33 is sealed with the 
sealing member 34, and the piezoelectric element holding 
portion 32 is hermetically sealed. Then, the nozzle plate 
20 having the nozzle orifices 21 drilled therein is joined 
on the plane of the passage-forming substrate 10, which 
is opposite to the sealing plate 30, and at the same time, 
the compliance plate 40 is joined on the sealing plate 30. 
Thus, the ink-jet recording head of this embodiment is 
formed. 

[0147] (Embodiment 3) 

[0148] FIGS. 9A to 9C are cross-sectional views showing steps of 
manufacturing an ink-jet recording head according to 
Embodiment 3. Note that, in the manufacturing steps 
similar to those of the foregoing Embodiments 1 and 2, 
repetitive description thereof will be omitted by referring 
to the same drawings. 

[0149] | n this embodiment, the glass joining layer HOB is made 
to contain a gettering agent for trapping moisture, for ex- 



ample, phosphorous (P), and thus a glass joining layer 
HOC made of phosphorous-doped glass is obtained. Ex- 
cept for the above point, this embodiment is similar to the 
foregoing Embodiment 2. 

[0150] As shown in FIG. 9A, the glass joining layer HOB is 

formed all over the plane of the sealing plate 30 on the 
piezoelectric element holding portion 32 side by sputter- 
ing or vacuum evaporation. Then, as shown in FIG. 9B, the 
glass joining layer HOB is doped with phosphorous (P) as 
the gettering agent, thus obtaining the glass joining layer 
HOC made of phosphorous-doped glass. 

[0151] Thereafter, as shown in FIG. 9C, by performing the steps 
shown in FIGS. 3A to 3D and FIGS. 4A to 4C of the forego- 
ing Embodiment 1, the piezoelectric element 300 and the 
lead electrode 90 are formed. In a state wherein the two 
plates abut each other with the glass joining layer HOC 
made of phosphorous-doped glass interposed therebe- 
tween, the passage-forming substrate 10 and the sealing 
plate 30 are heated, the passage-forming substrate 10 
having the pressure generating chamber 12, the commu- 
nicating portion 13 and the ink supply path 14 formed 
therein. Thus, the sealing plate 30 and the passage-form- 
ing substrate 10 are joined together by this glass joining 



layer HOC made of phosphorous-doped glass. That is, in 
a state wherein the two plates abut each other with the 
glass joining layer HOC interposed therebetween, both 
plates are heated to a temperature of, for example, about 
200 to 700 °C, which is equal to or lower than the crystal- 
lization temperature of the piezoelectric layer 70. Thus, 
the sealing plate 30 and the passage-forming substrate 
10 are fused together by the glass joining layer HOC. 

[0152] As described above, similarly to the foregoing embodi- 
ments, the intrusion of moisture into the piezoelectric el- 
ement holding portion 32 can be prevented by joining the 
passage-forming substrate 10 and the sealing plate 30 
together with the glass joining layer HOC made of phos- 
phorous-doped glass. Moreover, in this embodiment, 
since the moisture remaining inside the piezoelectric ele- 
ment holding portion 32 is trapped by the gettering agent 
(phosphorous) contained in the glass joining layer HOC 
made of phosphorous-doped glass, inside of the piezo- 
electric element holding portion 32 is always maintained 
at a low humidity. Thus, the damage to the piezoelectric 
elements due to moisture can be more surely prevented. 

[0153] | n this embodiment, after the formation of the glass join- 
ing layer HOB on the surface of the sealing plate 30, the 



glass joining layer HOB is doped with phosphorous as the 
gettering agent, thereby forming the glass joining layer 
HOC made of phosphorous-doped glass. However, it 
should be noted that the method of adding the gettering 
agent is not limited to the above. 

[0154] For example, when the glass joining layer HOC is formed 
by sputtering, the gettering agent may be previously 
added to the glass material, which is a target material for 
the sputtering. Moreover, when the glass joining layer is 
formed by vacuum evaporation, the gettering agent may 
be previously added to the glass material, which is a ma- 
terial for the vacuum evaporation. 

[0155] when the gettering agent is previously added to the glass 
material as described above, the glass joining layer 
(phosphorous-doped glass) containing the gettering 
agent is formed by performing the steps of forming the 
glass joining layer by sputtering or vacuum evaporation, 
which are similar to those of Embodiment 2. 

[0156] Moreover, in this embodiment, the whole region of the 

glass joining layer HOB is doped with phosphorous (P) as 
the gettering agent, thus obtaining the glass joining layer 
HOC made of phosphorous-doped glass. However, not 
being limited to the above, the gettering agent may be 



formed on the glass joining layer in a region correspond- 
ing at least to the inner surface 32a of the piezoelectric 
element 300. 

[0157] After the passage-forming substrate 10 and the sealing 
plate 30 are joined together, similarly to the foregoing 
Embodiments 1 and 2, the sealing hole 33 is sealed with 
the sealing member 34, and the piezoelectric element 
holding portion 32 is hermetically sealed. Then, the noz- 
zle plate 20 having the nozzle orifices 21 drilled therein is 
joined on the plane of the passage-forming substrate 10, 
which is opposite to the sealing plate 30, and at the same 
time, the compliance plate 40 is joined on the sealing 
plate 30. Thus, the ink-jet recording head of this embodi- 
ment is formed. 

[0 1 58] (Embodiment 4) 

[0159] FIGS. 10A and 10B are cross-sectional views showing 

steps of manufacturing an ink-jet recording head accord- 
ing to Embodiment 4 of the present invention. Note that, 
as to the manufacturing steps similar to those of the fore- 
going Embodiments 1 to 3, repetitive description thereof 
will be omitted by referring to the same drawings. 

[0160] | n this embodiment, the passage-forming substrate 10 
and the sealing plate 30 are joined together by forming a 



glass joining layer HOD made of glass containing a filler 
on the joining surface of the passage-forming substrate 
10 with the sealing plate 30. Specifically, as shown in FIG. 
10A, a glass layer is first formed on the joining surface 35 
of the passage-forming substrate 10 by applying a glass 
material in paste form, in which a predetermined filler is 
previously contained, by transcription, screen printing, a 
dispenser or the like. Next, the glass layer is subjected to 
preliminary baking by being heated to a temperature of 
about 200 to 400 °C, and a surface thereof is flattened. 
Then, the glass layer is subjected to degasification, thus 
obtaining the glass joining layer HOD. 
[0161] For the filler contained in the glass joining layer HOD, 

enumerated are, for example, titania (Ti0 2 ), zirconia (ZrO 
2 ), alumina ( A ' 2 0 3 ) and the like. By allowing the glass join- 
ing layer HOD to contain such a filler, thermal expansion 
coefficient of the glass joining layer HOD becomes equal 
to that of the passage-forming substrate 10 and the seal- 
ing plate 30. 

[0162] Next, as shown in FIG. 10B, the sealing plate 30 and the 
passage-forming substrate 10 are joined together by the 
glass joining layer HOD. In other words, in a state 
wherein the two plates abut each other with the glass 



joining layer HOD interposed therebetween, both plates 
are heated to a temperature of, for example, about 200 to 
700 °C, which is equal to or lower than the crystallization 
temperature of the piezoelectric layer 70. Thus, the seal- 
ing plate 30 and the passage-forming substrate 10 are 
fused together by the glass joining layer HOD. 

[0163] | n the above-described manner, the glass joining layer 

HOD is allowed to contain the foregoing filler and to have 
the equal thermal expansion coefficient to that of the 
passage-forming substrate 10 and the sealing plate 30. 
Accordingly, it is possible to prevent damage to the glass 
joining layer HOD due to the thermal expansion caused 
by heating in joining the passage-forming substrate 10 
and the sealing plate 30. 

[0164] Moreover, by allowing the glass joining layer HOD to 
contain the filler, the glass joining layer HOD can be 
formed relatively thick, which is made of glass having a 
melting point lower than the calcination temperature of 
the piezoelectric layer 70. As a result, in the case where 
there is a bump on the joining surface 35 of the passage- 
forming substrate 10, even if the surfaces of the lead 
electrode 90 and the elastic film 50 are different in height, 
for example, at the joining surface 35 of the passage- 



forming substrate 10 with the sealing plate 30, the glass 
joining layer HOD can be hermetically adhered to the 
sealing plate 30 by flattening its surface. Accordingly, se- 
cure joining of the passage-forming substrate 10 and the 
sealing plate 30 can be carried out. 
[0165] Furthermore, by using the glass joining layer HOD con- 
taining the filler, the strength of the glass joining layer 
HOD can be improved, thus enabling more secure joining 
of the passage-forming substrate 10 and the sealing plate 
30. 

[0166] N 0 te that, after the joining of the passage-forming sub- 
strate 10 and the sealing plate 30, similarly to the forego- 
ing Embodiments 1 to 3, the sealing hole 33 is sealed with 
the sealing member 34, and the piezoelectric element 
holding portion 32 is hermetically sealed. Then, the noz- 
zle plate 20 having the nozzle orifices 21 drilled therein is 
joined on the plane of the passage-forming substrate 10, 
which is opposite to the sealing plate 30, and at the same 
time, the compliance plate 40 is joined on the sealing 
plate 30. Thus, the ink-jet recording head of this embodi- 
ment is formed. 

[0 1 67] (Embodiment 5) 

[0168] FIGS. 11A and 11B are cross-sectional views showing 



steps of manufacturing an ink-jet recording head accord- 
ing to Embodiment 5. 
[0169] This embodiment is an example of joining the passage- 
forming substrate 10 and the sealing plate 30 by forming 
glass joining layers on the respective surfaces of both 
plates. 

[0170] jo De specific, as shown in FIG. 11A, the glass joining 

layer 110A is formed, similarly to the foregoing Embodi- 
ment 2, on the joining surface 35 of the passage-forming 
substrate 10 with the sealing plate 30 by sputtering or 
vacuum evaporation. Then, similarly to the foregoing Em- 
bodiment 4, the glass joining layer HOD is formed on the 
joining surface 35 of the passage-forming substrate 10 
with the sealing plate 30 by transcription, screen printing, 
a dispenser or the like. 

[0171] Then, as shown in FIG. 11B, the sealing plate 30 and the 
passage-forming substrate 10 are joined together by the 
glass joining layers 110A and HOD. In other words, in a 
state wherein the two plates abut each other, the glass 
joining layers 110A and HOD are heated to a temperature 
of, for example, about 200 to 700 °C, which is equal to or 
lower than the crystallization temperature of the piezo- 
electric layer 70, and thus both layers are fused together. 



As a result, the sealing plate 30 and the passage-forming 
substrate 10 can be fused together. 

[0172] As described above, by joining the passage-forming sub- 
strate 10 and the sealing plate 30 with the glass joining 
layers llOAand HOD interposed therebetween, respec- 
tively, the strength of the joining therebetween can be 
further improved. Accordingly, the moisture in the atmo- 
sphere and the reservoir 100 can be prevented more 
surely from intruding inside of the piezoelectric element 
holding portion 32. 

[0173] N 0 te that, after the joining of the passage-forming sub- 
strate 10 and the sealing plate 30, similarly to the forego- 
ing Embodiments 1 to 4, the sealing hole 33 is sealed with 
the sealing member 34, and the piezoelectric element 
holding portion 32 is hermetically sealed. Then, the noz- 
zle plate 20 having the nozzle orifices 21 drilled therein is 
joined on the plane of the passage-forming substrate 10, 
which is opposite to the sealing plate 30, and at the same 
time, the compliance plate 40 is joined on the sealing 
plate 30. Thus, the ink-jet recording head of this embodi- 
ment is formed. 

[O 174 ] (Embodiment6) 

[0175] FIGS. 12A and 12B are a plan view and a cross-sectional 



view of the ink-jet recording head according to Embodi- 
ment 6. 

[0176] As shown in FIGS. 12A and 12B, on a sealing plate 30A, 
piezoelectric element holding portions 32A are provided 
independently for each row of the piezoelectric elements 
300. Between two piezoelectric holding portions, a 
through hole 38A penetrating in a thickness direction of 
the piezoelectric element 300 is provided. 

[0177] Moreover, on the passage-forming substrate 10, a lead 
electrode 90A is pulled out from one end of the upper 
electrode film 80 of the piezoelectric element 300, and is 
provided so as to be partially exposed to the through hole 
38A. 

[0178] Furthermore, the lower electrode film 60 is provided in a 
region other than that of the lead electrode 90A, that is, 
over a space other than the space between the rows of the 
piezoelectric elements 300 provided in parallel. 

[0179] Then, on the sealing plate 30A, two drive circuits 120A 
are provided, which drive for each row, corresponding to 
the rows of the piezoelectric elements 300 provided in 
parallel. Each drive circuit 120A and the lead electrode 
90A are electrically connected to each other via a drive 
wiring 130 provided by being inserted through the 



through hole 38A. 

[0180] Moreover, a glass joining layer 110E is provided only on 
the side of the reservoir portion 31 in a peripheral portion 
of the piezoelectric element holding portion 32A on the 
joining surface 35 between the passage-forming sub- 
strate 10 and the sealing plate 30A. In a region other than 
the above, an adhesion layer 111 made of, for example, a 
thermoplastic adhesive is provided. 

[0181] The passage-forming substrate 10 and the sealing plate 
30A are joined together by the glass joining layer 110E 
and the adhesion layer 111. 

[0182] As described above, if the glass joining layer 110E is pro- 
vided on the side of the reservoir portion 31 in the pe- 
ripheral portion of the piezoelectric element holding por- 
tion 32A, where moisture is most likely to intrude into the 
piezoelectric element holding portion 32A, the intrusion 
of the moisture into the piezoelectric element holding 
portion 32A from the reservoir portion 31 side can be 
prevented, thus enabling the damage to the piezoelectric 
elements 300 to be prevented. 

[0183] Particularly, when the piezoelectric element holding por- 
tion 32A and the reservoir portion 31 are provided adja- 
cently to each other on the sealing plate 30A as in this 



embodiment, the moisture is likely to intrude into the 
piezoelectric element holding portion 32A from the reser- 
voir 31. However, the provision of the glass joining layer 
110E therebetween can prevent the damage to the piezo- 
electric elements 300 due to the moisture. 

[0184] N 0te t hat, although the glass joining layer 110E is pro- 
vided between the piezoelectric element holding portion 
32A and the reservoir portion 31 in this embodiment, the 
damage to the piezoelectric elements 300 due to the 
moisture in the external environment can be also pre- 
vented by providing the glass joining layer over the pe- 
ripheral portion of the piezoelectric element holding por- 
tion 32A. In such a case, regions other than the peripheral 
portion of the piezoelectric element holding portion 32A 
may be joined together by the adhesion layer. 

[0185] (other Embodiment) 

[0186] Although the embodiment of the present invention has 
been described as above, the basic constitution of the 
ink-jet recording head is not limited to the ones described 
above. 

[0187] For example, a dry fluid such as an inactive gas may be 

filled in the piezoelectric element holding portions 32 and 
32A in the foregoing Embodiments 1 to 6. 



[0188] | n the case where the dry fluid is filled in the piezoelectric 
element holding portions 32 and 32A as described above, 
when the sealing hole 33 is sealed by the sealing member 
34, for example, a joining body, in which the passage- 
forming substrate 10 and the sealing plates 30 and 30A 
are joined together, is disposed under decompression. 
Then, after reducing the pressure inside the piezoelectric 
element holding portion 32 and 32A, the joining body is 
disposed under an atmosphere of the dry fluid, thus en- 
abling the dry fluid to be filled in the piezoelectric ele- 
ment holding portions 32 and 32A. By sealing the sealing 
hole 33 with the sealing member 34 in the above-de- 
scribed state, the piezoelectric element holding portion 
32 and 32A can be hermetically sealed in the state of fill- 
ing the dry fluid in the piezoelectric element holding por- 
tions 32 and 32A. 

[0189] Moreover, for example, in the foregoing embodiment, ex- 
emplified is a deposited type ink-jet recording head, 
which is manufactured by adopting deposition and a 
lithography process. However, needless to say, the 
present invention is not limited by the above example. For 
example, the present invention can be employed in a 
thick-film type ink-jet recording head, which is formed by 



a method of attaching a green sheet and the like. 

[0190] Moreover, the ink-jet recording head of each embodiment 
constitutes a part of a recording head unit, in which an ink 
flow path communicating with an ink cartridge and the 
like is provided, and is mounted on an ink-jet recording 
apparatus. FIG. 13 is a schematic view showing an exam- 
ple of the ink-jet recording apparatus. 

[0191] As shown in FIG. 13, in recording head units 1A and IB 

having ink-jet recording heads, cartridges 2A and 2B con- 
stituting ink supply means are provided detachably. A 
carriage 3 on which the recording head units 1A and IB 
are mounted is provided on a carriage axle 5 fixed to an 
apparatus body 4, the carriage being provided movably in 
an axle direction. The recording head units 1A and IB are 
intended to eject, for example, a black-ink composition 
and a color-ink composition, respectively. 

[0192] a driving force of a drive motor 6 is transmitted to the 

carriage 3 via a plurality of gears (not shown) and a timing 
belt 7. Accordingly, the carriage 3, on which the recording 
head units 1A and IB are mounted, is moved along the 
carriage axle 5. Meanwhile, a platen 8 is provided along 
the carriage axle 5 in the apparatus body 4, and a record- 
ing sheet S is conveyed on the platen 8, the recording 



sheet being a recording medium such as paper supplied 
by a nonillustrated supply roller and the like. 

[0193] N 0 te that the ink-jet recording head, which serves as a 
liquid-jet head and ejects ink, the manufacturing method 
thereof and the ink-jet recording apparatus have been 
described as an example. However, the present invention 
is the one widely targeted at the liquid-jet head, the man- 
ufacturing method thereof and the liquid-jet apparatus, in 
general. As the liquid-jet head, enumerated are, for ex- 
ample: a recording head used in an image recording ap- 
paratus such as a printer; a color material-jet head used 
in manufacturing a color filter such as a liquid crystal dis- 
play; an electrode material-jet head used for electrode 
formation in an organic EL display, a FED (field emission 
display) and the like; a bio-organic jet head used in man- 
ufacturing a bio chip; and the like. 

[0194] a s described above, in the present invention, since the 
passage-forming substrate and the sealing plate having 
the piezoelectric element holding portion are fused to- 
gether by the glass joining layer made of glass. Accord- 
ingly, the moisture in the atmosphere and the reservoir 
never intrudes into the piezoelectric element holding por- 
tion via the glass joining layer. Therefore, damage to the 



piezoelectric elements due to the moisture can be surely 
prevented. 

[0195] Moreover, in order to improve the strength of the joining, 
the joining area between the passage-forming substrate 
and the sealing plate can be made relatively small. Thus, 
the miniaturization of the recording head can be achieved. 



